Tamarillo is an underutilized fruit in Indonesia, despite the fact that it contains two pigments (anthocyanin and carotenoid) with different properties (polar and non polar). Besides, there is a scarce information about extraction of anthocyanin and carotenoid of Tamarillo using sonication extraction. This study was aimed to investigate the comparison of extraction methods of sonication with maceration on antioxidant potency of anthocyanin and carotenoid of Tamarillo. Two pigmen types (anthocyanin and carotenoid) were extracted using two different methods (sonication and maceration). The parameters of analysis were yield, antioxidant activity (DPPH) with IC 50 , Ferric Reducing Antioxidant Power (FRAP), anthocyanin total, carotenoid total, phenolic total and scanning electron microscope of cover cell of material. The antioxidant potencies for both anthocyanin and carotenoid by sonication method were higher than those of obtained by maceration method. The results showed that both sonication and maceration were suitable for extraction of anthocyanin and carotenoid from Tamarillo.
INTRODUCTION
Tamarillo (Solanum betaceaum Cav) known as tomato tree or terong Belanda, is one of the fruit vegetables that is not yet widely used as food in Indonesia compared with tomatoes or purple eggplants. On the other hand, Tamarillo is an export commodity several countries such as New Zealand, America and Brazil. The breed commonly found in Indonesia is the red one. The red breed has red peel, orange flesh, dark red placenta and hard brownish black seeds (De Rosso and Mercadante, 2007) .
According to Osorio et al. (2012) , red Tamarillo contains both anthocyanin and carotenoid bioactive components, and they have differing characteristics, namely polar and bipolar. Both compounds are natural antioxidants. In Indonesia the availability of fruits which contain the two components at the same time is still limited.
Anthocyanin belongs to phenolic compound, in the flavonoid group, which has healthy properties, such as lowering blood sugar for type 2 diabete (Sancho and Pastore, 2012) . Carotenoid is a non-polar C40 tetraterpenoid compound which has a polydiene structure and health properties as anti-diabetes (Sugiura et al., 2015) .
Anthocyanin and carotenoid's potentials as antidiabetes for type 2 can be caused by antioxidant properties, because in type 2 diabetes an oxidative stress occurs, and oxidative stress can be suppressed by antioxidant. Antioxidant components of a substance (tamarillo) can be taken through extraction process. Tamarillo's anthocyanin and carotenoid compound extraction and identification has been reported by DOI: http://doi.org/10.22146/agritech.28959 ISSN 0216-0455 (Print), ISSN 2527-3825 (Online) Agritech, 38 (3) 2018, 304-312 De Rosso & Mercadante (2007) , who stated that anthocyanin and carotenoid compound extraction from the whole tamarillo fruit takes 12 h. Mandal and Ghosal (2012) , reported that extraction from several parts of tamarillo fruit could be conducted at a temperature of 50 °C for 8 hours. Tamarillo extraction that has been performed used maceration and soxhlet methods.
Maceration and soxhlet methods are conventional methods which are simple and easy to perform, but it takes a considerable amount of time, between 1 to 24 h, and in soxhlet method, high temperature (50 o ) is required. Temperature increase during extraction (> 50 o ) can cause damage to anthocyanin (Pingret et al., 2013) .
The sonication method, which is considered as a green extraction method, was first developed to overcome the drawbacks of conventional methods, such as maceration. The sonication method can be performed in much shorter time, less than 1 h, and the damage effects during the process is low or can be minimized (Chemat et al., 2016) . Ma et al. (2009) reported that degradation of antioxidant compounds as the effect of sonication temperature can be minimized, if the temperature reaches < 40 °C, it can be controlled by applying ice cubes.
The sonication method principle involves ultrasonic wave which creates cavitation. The cavitation phenomenon creates energy, temperature increase and local pressure. This also generates a micro jet, material surface damage towards the inner part, which creates a rapid mass transfer, faster extraction time and more rendemen produced (Medina-Torres et al., 2017) .
Sonication extraction of tamarillo has been reported by Asmara et al. (2013) , but on tamarillo peel using ultrasonic wave at 60 °C temperature in 30 minutes. The research used a high temperature above 40 °C, and involved materials not to be eaten. The sonication method for tamarillo anthocyanin and carotenoid extraction involving the edible part of the fruit and using room temperature (≤ 30 °C) has not been reported. In sonication, high temperature increase can cause damage on the compound which has antioxidant characteristics. Therefore, this research aims to evaluate rendemen and antioxidant potentials of anthocyanin and carotenoid of tamarillo extract using a sonication method compared with control maceration method.
RESEARCH METHOD

Materials
Red variety of Tamarillo, at age of 6 months after producing flowers, taken from Dieng plateau, Wonosobo, Central Java, Indonesia. The form of and the cross section of the tamarillo fruit is shown in Figure  1 
Equipments
The equipments used for extraction included sonicators (Elma T760DH, Singen, Germany), rotary evaporator (IKA WERKE RV06-ML, Staufen, Germany) and shaking water bath (Juloba SW22, Seelbach, Germany). The equipments for analysis were UV-Vis spectrophotometer (Genesys S10, Germany) and Pyrex glass wares (Iwaki, Tokyo, Japan). The tool used for cell surface morphology analysis was a scanning electron microscope (JOEL JSM-6510, Tokyo, Japan)
Tamarillo Anthocyanin Extraction using the maceration method
Tamarillo anthocyanin extraction using the maceration method refers to Atiqah et al. (2014) . As much as 300 g of tamarillo fruits were peeled, and then they are blended without adding water for 2 minutes, resulting in fruit puree. As much as 200 g of puree was put into a tinted bottle, added with 800 ml ethanol solvent 70% (technical), containing 3% citric acid, and then mixed using a magnetic stirrer for 2 minutes. The mixture was then subjected to maceration extraction in a shaking water bath with a 50 rpm shaking speed, 30 °C temperature for 20 minutes. Filtrate from the extraction was evaporated to rid of its solvent using a rotary evaporator at a heating bath temperature of 35 °C and a 176 mbar initial vacuum pressure, which was gradually lowered to reach 72 mbar, resulting in a thick extract. The extract was a raw tamarillo anthocyanin extract, this was stored in a tinted glass bottle, kept at -20 °C until the time for analysis. Tamarillo anthocyanin extraction using sonication method refers to Celli et al. (2015) . The procedures before and after the extraction process were the same with tamarillo anthocyanin extraction using maceration method. Sonication extraction method was performed in a sonicator at a 40 kHz frequency, 100% power, initial temperature of 27°C and end temperature of 29 °C for 20 minutes.
Tamarillo Carotenoid Extraction using Maceration Method
Tamarillo anthocyanin extraction was conducted using sonication method refers to De Rosso and Mercadante (2007) . As much as 350 kg of tamarillo fruit was taken by removing the peel, and then blended without adding water for 5 minutes to get a fruit puree. the puree is then placed in tinted glass bottle, added with 800 mL of acetone solvent 80% (technical), and then mixed using a magnetic stirrer for 5 minutes. The mixture was then extracted using maceration in a shaking water bath at 50 rpm shaking speed and 30 °C temperature for 30 minutes. The filtrate was then retrieved, and then passed through a separator funnel filled with petroleum ether. The next step was fetching the yellow-orange colored solution. The solution was then put into a rotary evaporator at a 30 °C heating bath temperature to evaporate its solvent, applying a 356 mbar initial pressure and 72 mbar end pressure until a rather thick extract was obtained. The extract was called tamarillo raw carotenoid extract.
Tamarillo Carotenoid Extraction using Sonication Method
Tamarillo carotenoid extraction using sonication method refers to Santos et al. (2015) . The procedures before and after the extraction process were similar with anthocyanin extraction using maceration method. Extraction was conducted in a sonicator under conditions similar with anthocyanin extraction, only the time of extraction is 30 minutes.
Determining Rendemen
Determining rendemen refers to Annegowda et al. (2012) . Rendemen was determined by weighing the tamarillo fruit puree and its raw extract weight after the solvent was evaporated. The rendemen calculation was determined using equation 1:
Analysis of Antioxidant Activity as Radical Scavenging Antioxidants (RSA) and IC 50
Analysis of RSA using DPPH refers to Aadil et al. (2014) . 600 µL of sample solution (100 µg/mL) was added with 1400 µL of DPPH solution (0,01 M). The mixture was incubated in a dark condition, room temperature, for 30 minutes, and then the absorbance in read using a spectrophotometer at λ 517 nm. 
Analysis of Antioxidant Activity as Ferric Reducing Antioxidant Power (FRAP)
Analysis of FRAP refers to Benzie & Strain (1996) . 100 µL of sample solution (100 µg/mL) added with 1200 µL FRAP solution (acetate buffer: TPTZ: FeCl 3 .6H 2 O; ratio 10:1:1), mixed using a vortex. The mixture was then incubated at 37 °C for 4 minutes, absorbance was read at a spectrophotometer λ 593 nm. Standard solution of FeSO4.6H2O was made with several concentrations (10, 20, 30, 40 and 50 mM), and antioxidant activity as Fe 3+ ion reducer to Fe 2+ was determined using a standard curve linear equation.
Analysis of Total Anthocyanin
Analysis of total anthocyanin refers to Giusti & Wrolstad (2001) . Sample solution (1000 µg/mL) is poured with 500 µL each into two reaction tubes, the first one =was added with 2.5 mL KCl pH 1 buffer, and the second one was added with pH 4.5 acetate buffer. The mixed solutions were incubated in a dark room for 30 minutes, absorbance was read using spectrophotometer at λ 520 nm and λ 700 nm. Anthocyanin extract content
Remarks : Ba (fruit puree weight; Be (extract weight after the solvent is evaporated) 
Remarks: TA (total anthocyanin); BM (molecule weight of delphinidine 3-rutinoside (611 mol/g); DF (dilution factor); V (total volume (L); L (length (1 cm); e (extension coefficient (mol/L × cm); m (extract weight (kg); 1000 (conversion from g to mg)
Analysis of Total Carotenoid
Total carotenoid was assessed based on Kurniawan et al. (2010) . As much as 2 mL of raw carotenoid extract, added with 10 mL acetone solvent 80% pa, and then homogenized using vortex for 5 minutes. The solution was diluted 10 times, and then read for its absorbance using λ 480 nm, λ 645 nm and λ 663 nm spectrophotometer. Total carotenoid was determined using equation 6: (6) Remarks: 1 µmol/L ( 27,25 mg/L (Hendry dan Grime 1993); A480 (absorbance at 480 nm wavelength); A663 (absorbance at 663 nm wavelength); A645 (absorbance at 645 nm wavelength); V (extract volume (mL); FP (dilution factor); W (sample weight (g).
Analysis of Total Phenolic
Total phenolic was determined using folin ciocalteu and gallic acid standard refers to Rocha et al. (2017) . 200 µL sample solution (1000 µg/mL), is added with 1000 µL folin ciocalteau (10%). The mixture was incubated for 5 minutes, and then added with 800 uL Na2CO3 (7,5 %), incubated again for 30 minutes. The mixture was then read for absorbance at λ 763 nm. Gallic acid standard solutions were made at several concentrations (100, 200, 300, 400 and 500 µg/mL). The total phenolic in the extract was determined using Equation 7. (7) Remarks: a (x value of gallic acid standard linear equation); FP (dilution factor); TV (total volume).
Material Cell Surface Morphology by means of Scanning Eelectron Microscope (SEM)
Cell surface morphology was performed on the fruit puree and extraction residue, which had been made into dry powder refers to Altemimi et al. (2016) .
Tamarillo fruit puree as the basic ingredient for tamarillo anthocyanin and carotenoid extraction and residue of extraction from the maceration and sonication methods are dried using freeze drying, and then refined to become dry powder. The next step, 0.5 g of sample powder was sprinkled evenly on the sample container. Subsequently, it was coated by putting in the chamber for 20 minutes. The sample was observed for its cell surface morphology, with a 5,000 magnification.
Data Analysis
Data analysis was performed using an independent t-test with SPSS 20.0 for Windows. The confidence level was 5% (p < 0.05).
RESULTS AND DISCUSSIONS
Tamarillo Raw Anthocyanin Extract (TACE) and Tamarillo Raw Carotenoid Extract (TCCE) by Maceration and Sonication
Rendemen of tamarillo raw anthocyanin extract (EKAT) and tamarillo raw carotenoid extract (EKKT) using sonication method is higher than maceration method (p < 0.05). Rendemen of EKAT and EKKT as the results of maceration and sonication were shown in Figure 2 .
Rendemen of TACE as the results of maceration and sonication processes were 21.45 ± 1.25% and 24.70 ± 1.42% consecutively, the sonication result is 15.14% higher. The results for TACE were 12.37 ± 0,42% and 15.10 ± 0,27% consecutively, the sonication result was 22.13% higher. This indicates that tamarillo anthocyanin extraction using the sonication method at a frequency of 40 kHz, 100% power, initial temperature 27 °C and end temperature 29 °C, for 20 minutes and tamarillo carotenoid extraction using the sonication method at the same condition, but for 30 
TACE TCCE Extract type
TACE TCCE Extract type Extract type Maceration Sonication minutes, will produce higher rendemen than using the maceration method. The higher TACE and TCCE rendemen from sonication than from maceration is probably caused by the ultrasonic wave which creates a cavitation phenomenon. The cavitation phenomenon can accelerate molecule movement, accelerate solvent penetration into the material, which causes more compounds to be extracted. Medina-torres et al. (2017) confirmed that ultrasonic wave which creates the cavitation phenomenon causes energy formation, temperature and local pressure increase which create a micro jet. The condition will accelerate mass transfer process. The results of sonication that was higher than maceration is confirmed by a report from Rombaut et al. (2014) . It was reported that a temperature increased below 60 °C caused reduction of density and viscosity, increase solubility of the solute with solvents and reduction surface tension. These conditions helped solvents to enter into the material and accelerate mass transfer process. Another reason could be sonication method did not cause degradation of tamarillo anthocyanin and carotenoid. Ma et al. (2009) , reported that antioxidant component damage can be suppressed if the temperature was below 40 °C and was controlled using ice blocks.
The rendemen of TACE and TCCE from sonication which was higher than that of maceration is consistent with the previous research, Ivanovic et al. (2014) , reported that sonication can increase rendemen better than maceration on dragon fruit flesh with 22.94% and blackberry fruit flesh between 5.2 -6.3%. The previous studies also reported that carotenoid extract rendemen from tomato lycopene using the sonication method is 26% higher (He & Teoh,2012) .
Radical Scavenging Antioxidant and IC 50 TACE and TCCE from Maceration and Sonication
Radical scavenging antioxidant (RSA) with 2.2-diphenyl-1-picrylhidrazyl (DPPH) was stated as the percentage of antioxidant activity in scavenging free radicals DPPH (%RSA) and the inhibition concentration is in the form of IC 50 value. The IC 50 value here is the concentration of TACE and TCCE as scavenging DPPH free radicals by 50%. The concentration of TACE and TCCE is used as the comparison indicator of antioxidant activity with other compounds. The RSA percentage of TACE and TCCE from sonication shows higher results than from maceration (p<0.05) (Figure 3) .
RSA percentage of TACE from maceration and sonication were 56.52 ± 1.27% and 68.28 ± 3.28%, in which the result from sonication was 20.81% higher. Whereas for TCCE, the RSA percentage using maceration and sonication are: 46.40 ± 2.31% and 55.48 ± 2.44%. The result from sonication is 21.92% higher. This indicates that the sonication method of tamarillo anthocyanin and carotenoid extraction can produce higher RSA percentage than maceration. The RSA percentage of sonication method which is higher than maceration method was probably because of ultrasonic wave with cavitation phenomenon, this accelerates material surface damage so that mass transfer occured faster and the extraction process of antioxidant compounds that were complexly bound with other compounds will be extracted faster and in higher quantity. Anthocyanin compounds that were bound on the cell walls (cellulose and pectin) and protein create a complex compound on the vacuole and carotenoid compound is bound on the cell wall constituent component and fat forms a complex compound in the inner part of chromoplast membrane can be quickly degraded with the existence of cavitation phenomenon in sonication (Phan et al., 2015) . The mechanism of antioxidant activity from the compound is through proton transfer (H+) which dampen free radical compounds (DPPH) into non radical (Molyneux, 2004) .
The higher RSA percentage in TACE from sonication method was in line with a report from Aadil et al. (2014) , which stated that sonication in anthocyanin extraction from grapes, in 30 minutes can increase RSA percentage up to 16.67% than maceration method. Whereas the higher result of carotenoid extraction using sonication method compared to using maceration method is similar with the report from Saikia et al. (2015) , which stated that pineapple carotenoid extraction using sonication for 30 increased antioxidant (DPPH) activity by 40.55% compared to maceration.
Concentration of RSA inhibition percentage at 50% or IC 50 value of TACE and TCCE shows lower sonication result compared to maceration result (p < 0.05) (data not shown in Figure) . The results show lower IC 50 , therefore, the RSA percentage was higher. IC 50 values of TACE using maceration and sonication were 95.50 Figure 3 . RSA percentage of tamarillo raw anthocyanin extract (TACE) and tamarillo raw carotenoid extract (TCCE) using maceration and sonication methods µg/mL and 85.32 µg/mL, whereas IC 50 values of TCCE using maceration and sonication were 99.94 µg/mL and 87.71 µg/mL IC 50 values of TACE and TCCE using sonication was lower than using maceration because of cavitation phenomenon which accelerates mass transfer, and therefore it can extract compounds that have antioxidant activity faster and in bigger quantity, which caused lower IC 50 value. The IC 50 value of TACE and TCCE was below 100 µg/mL, therefore, TACE and TCCE belong to strong antioxidants (Molyneux, 2004) . The IC 50 value of TACE and TCCE of Tamarillo obtained in this study were higher than vitamin C (29.83 µg/mL) and Trolox (30.53 µg/mL) and lower blackberry extract (96 ± 0,32 µg/mL) (Ivanovic et al., 2014) . This indicates that TACE and TCCE have antioxidant activity for scavenging free radicals, lower than vitamin C and Trolox, but higher than blackberry extract.
Ferric Reducing Antioxidant Power (FRAP) of TACE and TCCE Using Maceration and Sonication
Antioxidant activity (FRAP) of TACE and TCCE using sonication is higher than maceration (p < 0,05). Antioxidant activity (FRAP) of TACE and TCCE using maceration and sonication is shown in Figure 4 .
Antioxidant activities (FRAP) of TACE using maceration and sonication were 570.93 ± 5.62 mM FeSO 4 .6H 2 O/100 g extract and 694.45 ± 25.56 mM FeSO 4 .6H 2 O/100 g extract. The result from sonication was 17.79% higher. The activities for TCCE were 278.46 ± 14.77 mM FeSO 4 .6H 2 O/100 g extract and 332.95 ± 19.41 mM FeSO 4 .6H 2 O/100 g extrac, in which the result from sonication was 16.37% higher. This indicated that sonication result with its cavitation phenomenon can increase TACE and TCCE potentials as antioxidants in reducing ferric ion (Fe +3 ) into ferrous ion (Fe +2 ). This is shown by the formation of blue color that gets darker (Benzie and Strain, 1996) . The ability to reduce Fe 3+ into Fe 2+ from tamarillo anthocyanin and carotenoid is probably caused by the presence of electron as reducer, or the compound's ability as antioxidant. The antioxidant's property as reducer is due to the presence of hydroxyl cluster in the B ring of anthocyanin, whereas on carotenoid, it is due to the presence of conjugated dienes. The mechanism as antioxidant belongs to SET (single electron transfer) mechanism (Liang and Kitts, 2014) . The result of this study was supported Ramli et al. (2014) , who reported that red dragon fruit extraction as antioxidant source has higher antioxidant activity (FRAP) using sonication compared with conventional extraction with antioxidant activity of 620 mM FeSO 4 .6H 2 O/100 g extract dan 609 mM FeSO 4 .6H 2 O/100 g extract.
Total TACE Anthocyanin And Total TCCE Carotenoid from Maceration And Sonication
Total anthocyanin in TACE was equivalent with monomeric anthocyanin delphinidine-3 rutinoside (De Rosso & Mercadante, 2007) . Total anthocyanin of TACE and total carotenoid in TCCE using sonication was higher than using maceration (p < 0.05) as presented in Figure 5 .
Total anthocyanin in TACE using maceration and sonication was 286.77 ± 21.96 mg/100 g extract and 386.48 ± 19.82 mg/100 g extract, respectively indicating that sonication shows 34.77% higher value. Total carotenoids in TCCE using maceration and sonication were 29.93 ± 1.18 mg/100 g extract and 50.80 ± 3.02 mg/100 g extract, in which sonication shows 64.74% higher. This condition is probably caused by the fact that in sonication there is cavitation phenomenon which can increase anthocyanin or carotenoid mass transfer to the solvent, therefore, anthocyanin and carotenoid compounds extracted increases. In addition, low temperature of sonification did not cause carotenoid damage. According to Ma et al. (2009) , the sonication temperature at 40 ℃ will cause damage to the bioactive components such as anthocyanin or carotenoid. 
TCCE
Figure 5. Total of tamarillo raw anthocyanin extract (TACE) and tamarillo raw carotenoid extract (TCCE) using maceration and sonication methods
Total anthocyanin of 386,48 mg/100 g was higher than the total anthocyanin of tamarillo peels using sonication at a temperature of 60 ℃ for 30 minutes, which is 23.78 mg/100g (Asmara et al., 2013) . This difference is caused by the difference of tamarillo parts being used, temperature and duration of sonication extraction. The sonication method that can produce higher amount of anthocyanin and carotenoid is supported by a research on blueberry fruit anthocyanin extraction using sonication, which can increase the total anthocyanin of 58.33% (Rocha et al., 2017) . Sonication results can increase the total carotenoid in carrot juice of 3.15% (Jabbar et al., 2014) .
Total Phenolic in TACE and TCCE Using Maceration and Sonication
Total phenolic in TACE and TCCE shows that using sonication is higher than using maceration (p<0.05). Total phenolic in TACE and TCCE using maceration and sonication is presented in Figure 6 . Total phenolics in TACE using maceration and sonication were 298.55 ± 27.34 mg GE/100 g extract and 395.64 ± 38.93 mg GE/100 g extract. Using sonication produces 24.54% higher. Meanwhile the total phenolic in TCCE using maceration and sonication is as follows were 47.79 ± 4.53 mg GE/100 g extract and 89.28 ± 8.37 mg GE/100 g extract. Using sonication produces 46.48% higher. This was possible because sonication with its cavitation phenomenon can accelerate mass transfer, therefore, can extract more phenolic compound than using maceration. Total phenolic in TACE is higher than in TCCE, it is possibly because the total anthocyanin in TACE is higher than the total carotenoid in TCCE. Anthocyanin is a compound from the flavonoid group which belong to phenolic compounds, whereas carotenoid is from tetraterpenoid group, and does not belong to phenolic compounds (Sancho and Pastore, 2012; Sugiura et al., 2015) .
This result is consistent with what was reported by Rocha et al. (2017) , that blueberry fruit extraction using sonication method shows 27.87% higher total phenolic than using maceration. In lemon fruit, extraction using sonication method shows 6.5 times higher increase of total phenolic compared to using maceration (Žlabur et al., 2016) .
Material Cell Surface Morphology and Residue of Tamarillo Anthocyanin and Carotenoid Extraction Using Maceration and Sonication
Material cell surface morphology and residue of tamarillo anthocyanin and carotenoid extraction using maceration and sonication in the form of dry powder is performed using scanning electron microscope (SEM). The structure of material cell surface experience a change before and after extraction. There is also a difference between the results of extraction using maceration and using sonication. The differences happen both in anthocyanin extraction ( Figures 7A-7C ) and carotenoid extraction ( Figures 7D-7F) .
The material's cell surface before anthocyanin and carotenoid extraction showed no damage under 5,000 times magnification. The cell surface damage in maceration residue was less than that in sonication residue. In maceration, no sharp gap was found (black arrow mark), whereas in sonication it is quite the contrary, more intense and deep damage was found (black dotted arrow mark). This is probably because sonication, with its micro jet power, can induce deeper and more damage. This result is in line with what was Figure 6 . Total phenolic of tamarillo raw anthocyanin extract (TACE) and tamarillo raw carotenoid extract (TCCE) using maceration and sonication methods reported by Altemimi et al. (2016) , results of SEM on chayote after extraction using sonication showed more cell surface damage and more gaps towards the material's inner part than using maceration.
CONCLUSION
Sonication method was able to increase rendemen and TACE and TCCE antioxidant potentials than that maceration method. Rendemen increase of TACE and TCCE were 15.14% and 22.13%, respectively. TACE and TCCE's antioxidant potentials using sonication method, including antioxidant activity (DPPH) and IC 50 were as follows: 68.28 ± 3.28%; 55.48 ± 2.44% and 85.32 µg/mL: 87.71 µg/mL; antioxidant activity (FRAP) of each: 694.45 ± 25.56 mM FeSO4.6H2O/ 100 g extract; 332.95 ± 19.41 mM FeSO4.6H2O/ 100 g extract; total anthocyanin of TACE: 386.48±19.28 mg/100 g extract; total carotenoid of TCCE: 50.80 ± 3.02 mg/100 g extract; total phenolic of TACE and TCCE are: 395.64 ± 38.93 mg GE/100 g extract; 89.28 ± 8.37 mg GE/100 g extract. Sonication's better performance than maceration was confirmed by the results of scanning electron miscroscope, in which more cell surface damage and deeper gaps were found. Sonication extraction method was an alternative extraction method to increase tamarillo extract rendemen and antioxidant potentials.
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